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Description

FIELD OF THE INVENTION

[0001] The present invention relates to apparatus and
methods for displaying holograms. More particularly, the
present invention relates to apparatus and methods for
displaying transmission and reflection holograms.

BACKGROUND OF THE INVENTION

[0002] There exists a need in the art to provide a com-
pact and self-contained lighting for a display hologram,
which can produce high quality images and which is in-
sensitive to stray light, particularly other near-point
source lights (such as halogen spot lamps) or any other
lighting sources used for ambient illumination near the
direction of the main light source used to illuminate the
hologram.
[0003] Although there have been previous ways of cre-
ating holograms all of these have particular difficulties.
For example, US 6,366,371 B1 which relates to use of a
reflection hologram in transmission geometry has poor
efficiency and stray light control. Furthermore, although
GB 2 178 866 describes ways to fold light around to form
a hologram there is no disclosure of transmission geom-
etry and also has poor efficiency and stray light control.
[0004] US 6614565 A1 discloses a system and method
for producing and displaying a one-step, edge-lit holo-
gram.
[0005] US 5455693 discloses a display hologram
structure including a display hologram configured for re-
construction with a playback beam having a predeter-
mined wavefront configuration, and a light configuring
hologram that provides playback illumination for the dis-
play hologram pursuant to diffraction of an off-axis play-
back beam that does not have the predetermined wave-
front configuration, and wherein the playback illumination
provided by the light configuring hologram has the pre-
determined wavefront configuration.
[0006] With the goal of making display holography a
widely acceptable imaging media, e.g. for advertising or
artistic displays, there are problems with conventional
techniques which prevent widespread acceptance.
Three of these problems specifically are:

(1) That typically the hologram and required illumi-
nating light source are separate parts, requiring the
light source to be installed separately from the holo-
gram which is an extra complexity and is a barrier
for users;
(2) The type of hologram which is most effective for
displays (a reflection hologram) must be lit from the
front, and is inherently sensitive to other ambient
lighting, which in general causes unwanted ghost
images; and
(3) Conventional broadband illumination from e.g. a
tungsten lamp is inefficient and results in undesirably

high image haze and consequently low image con-
trast.

[0007] It is an object of at least one aspect of the
present invention to obviate or mitigate at least one or
more of the aforementioned problems.
[0008] It is a further object of at least one aspect of the
present invention to provide apparatus and a method for
providing compact and self-contained lighting for a dis-
play hologram, which can produce high quality images
and which is substantially insensitive to stray light, par-
ticularly other near-point source lights (such as halogen
spot lamps) used for ambient illumination near the direc-
tion of the main light source used to illuminate the holo-
gram.
[0009] It is a yet further object of at least one aspect
of the present invention to provide holographic displays
as a general graphic medium, suitable for advertising,
technical and medical visualisation, and consumer ap-
plications (e.g. posters, 3D photographs).

SUMMARY OF THE INVENTION

[0010] According to the present invention there is pro-
vided a holographic display apparatus as recited in inde-
pendent claim 1.
[0011] The present invention relates to display holo-
grams which have a widely acceptable imaging media
that may be suitable for advertising or artistic displays.
Alternatively, the formed holograms may be used for any
other commercial purpose for which a fee may be re-
ceived. The holograms of the present invention may be
transmission or reflection holograms.
[0012] Generally speaking, the present invention re-
sides in the provision of display holograms (i.e. holo-
graphs) which may be substantially self-contained, pro-
vide viable illumination and are substantially insensitive
to stray light.
[0013] The apparatus may comprise a single light
source or a plurality of light sources. There may be two
or more light sources emitting with different or substan-
tially different spectra capable of creating a specific set
or range of perceived colours. For example, there may
be light sources which may emit light in the red, green
and blue regions of the electromagnetic spectrum which
may be used to create a wide range of colours substan-
tially covering the range of naturally perceived colours.
In particular embodiments there may be three light sourc-
es which may independently emit light in the red, green
and blue parts of the electromagnetic spectrum. Electri-
cal powers in the range of about 10 - 500W in total may
be typical, depending on the source type and hologram
size.
[0014] The light sources may be any appropriate or
suitable light source and may, for example, be a lamp, a
laser or LED, or any combination thereof, including mul-
tiples of each, such as red, green and blue lasers or LEDs,
or more than 3 colours.
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[0015] Typically, the light source or sources in the
present invention may be located and/or positioned be-
hind or substantially behind the hologram being formed.
This is in contrast to the prior art where the light source
is located in front of the formed hologram. The present
invention therefore relates to a reflection or transmission
hologram with the light source or sources located and/or
positioned behind or substantially behind the hologram
being formed.
[0016] The light source or sources may be located
and/or positioned within an enclosure or box. The light
source or sources may therefore be substantially encap-
sulated within the holographic display apparatus thereby
forming a self-contained apparatus. This is in contrast to
prior art systems. In alternative embodiments, the light
source or sources may be positioned outside the enclo-
sure using, for example, a close proximity mirror.
[0017] Typically, the formed hologram may be formed
on an inner surface/side of the enclosure or box and may
then be viewed from the outside. The display surface
may therefore be substantially transparent.
[0018] The holographic display apparatus may also
comprise optics which may be used to redirect or refocus
the emitted light into a desired way for the formed holo-
gram.
[0019] The holographic display apparatus may also
comprise light blocks which may be formed from light
absorbing material such as black felt. This may help to
minimise any unwanted light interference and/or specu-
lar reflection which has the effect of degrading the desired
image quality.
[0020] Typically, the at least one mirror capable of re-
flecting light from the light source may be specifically ori-
ented and positioned to form the hologram. The mirror
may maximise the distance between the light source and
the formed hologram. The total distance from the source
to the centre of the hologram may be typically of the order
of the largest dimension of the hologram, or a small mul-
tiple thereof (e.g. about a 0.5 x 0.5m hologram will typi-
cally have a source about 0.5 - 2m from it’s centre). Op-
tically, the source may be imaged so as to appear to be
much further away, and ultimately if the source is imaged
at infinity it makes the hologram simpler to produce, as
the reference beam angle is constant across the surface.
[0021] Illumination angles from the mirror are high and
are typically, for example, about 50 - 85 degrees or pref-
erably 60 - 85 degrees and typically at least about 70
degrees.
[0022] In particular embodiments light emitted from the
light source or sources may undergo more than one re-
flection before illuminating the hologram surface.
[0023] Using a hologram illumination system accord-
ing to the present invention has the advantage that this
prevents ghost images as there is only desired and want-
ed light sources (i.e. no unwanted external light source
such as sunlight and other lights) which are capable of
creating an image of significant brightness, and may
therefore be inherently insensitive to external stray light.

In preferred embodiments, a reflection hologram illumi-
nated via a mirror at the bottom edge of the hologram is
a preferred geometry as this may be substantially insen-
sitive to stray light since no light is likely to come from
the floor or substantially the lower area. The mirror may
therefore be located in a lower region (e.g. the lower half)
of the enclosure or box.
[0024] In particular embodiments, the holographic dis-
play apparatus comprises three light sources which in-
dependently produce red, green and blue light, respec-
tively. Light emitted from the three light sources may then
be transmitted through focusing optics. The light from the
light sources may combine into a single beam or may be
spatially separate. In the event that different coloured
light is kept separate, the formed red/green/blue (RGB)
holograms may each be designed for the source loca-
tions, and consequently produce a registered full-colour
image with full RGB overlap. Light from different light
sources may therefore have different wavelengths.
[0025] The mirror in the holographic display apparatus
according to the present invention may be non-planar
and, for example, curved (e.g. concave shaped) which
may collimate and/or reduce the curvature of the illumi-
nation wavefront at the hologram. The advantage of this
is illumination efficiency, since the light may be directed
to efficiently illuminate a rectangular hologram surface
with minimised overspill on the edges. Alternatively, the
mirror may be a holographic optical element (HOE) or a
diffractive optical component such as a diffractive optical
element (DOE). The purpose of the HOE or DOE is to
substantially collimate the source light in a more compact
flat optic or alternatively may be designed to simultane-
ously redirect RGB light into a common direction.
[0026] In particular embodiments there may be a first
mirror and a second mirror. A second mirror enables
more convenient physical arrangement of the optical path
within the box, and/or enables a greater optical distance
from the source(s) to the hologram surface, which is typ-
ically beneficial. At least one of the first and second mir-
rors may be a holographic optical element (HOE) or dif-
fractive optical element (DOE).
[0027] In particular embodiments, the holographic dis-
play apparatus comprises preferred stray-light insensi-
tive orientation by locating and/or positioning the light
source or light sources and optics or mirrors so that the
hologram illuminating light ultimately comes from either
inside the box in the case of a transmission hologram, or
from outside the box and below in the case of a reflection
hologram, which further helps to prevent stray-light from
degrading the quality of the formed holographic image.
This is because most stray sources are from outside and
above (i.e. not at floor level). The illumination must come
from outside, and to minimise stray light, illumination may
come from below, causing any subsequent ghost images
to be invisible, very weak, or displaced sufficiently from
the main desired image as to not be objectionable.
[0028] In particularly preferred embodiments, the ho-
lographic display apparatus comprises a spectral reflec-
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tor (e.g. a mirror). The spectral reflector may function as
a mirror and may, for example, be mounted substantially
in front of the formed reflection holographic image. The
spectral reflector may have the purpose of redirecting
light which has initially been transmitted through the holo-
gram and back to illuminate the hologram at, for example,
the respective Bragg angle. To achieve this, the proper-
ties of the spectral reflector (e.g. a second mirror in a
holographic display apparatus) are such that the spectral
reflector may strongly reflect incoming illumination light
at a high angle (e.g. about at least 70° and over) but may
be substantially transparent to diffracted light in the im-
age from the hologram, typically at, for example, about
< 45° to the normal. The spectral reflector may therefore
reflect light at high angles but allow light at lower angles
to transmit therethrough. The spectral reflector may be
formed from a multi-layer thin-film coating on a substrate
near to or bonded to the image hologram, or alternatively
coated directly onto the hologram. The spectral reflector
may, for example, be an HOE.
[0029] In embodiments, where, for example, a laser
may be used to illuminate a hologram where the spectral
reflector may have the function of redirecting light which
has initially been transmitted through the hologram and
back into the apparatus where it can be absorbed. This
may prevent unwanted light from escaping from the ap-
paratus which may be distracting or dangerous to a view-
er, particularly if the light sources are lasers and hence
eye safety is a requirement.
[0030] In these embodiments the Illuminating light may
first pass through the hologram and reach, for example,
a flat optic substantially parallel to the hologram which
may reflect the light back towards the hologram at its
intended illumination angle. The holographic image may
therefore be recreated and may be transmitted through,
for example, the flat optic to a viewer outside the enclo-
sure. This arrangement is preferable because a reflec-
tion-type image hologram may produce the highest pos-
sible image quality typically because it produces less im-
age blur for a non-monochromatic light source. However,
it requires illumination to come from the viewer side (or
substantially the viewer side) of the hologram, either from
an external lamp, or at least via an external reflecting
component.
[0031] In the case of a transmission image hologram,
or a reflection hologram using a second mirror in the form
of a spectral reflector, a partially absorbing sheet (grey
glass, plastic or film) may be mounted either immediately
in front of or substantially behind the image hologram to
further increase contrast. This may help to facilitate dis-
crimination of image light relative to any light which may
illuminate the inside of the enclosure (such as external
sunlight or room light which passes through the hologram
and illuminate the inside of the enclosure). This works
because the light creating the image is attenuated only
once by passing though the absorbing layer (either be-
fore or after diffraction), but the external light must pass
through it twice to contribute to image stray light, thus

improving the contrast of the image relative to the un-
wanted stray light.
[0032] The illumination systems as herein described
therefore have the following advantages:

• Self contained
• Insensitive to stray light
• Narrowband RGB light sources such as LEDs or la-

sers provide efficient illumination by closely match-
ing the reflected spectrum of the holograms.

[0033] According to another aspect of the present in-
vention there is provided use of a holographic display
apparatus according to the first and third aspect in ad-
vertising, artistic displays, technical and medical visual-
isation, and consumer application (e.g. posters, 3D pho-
tographs).

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] Embodiments of the present invention will now
be described, by way of example only, with reference to
the accompanying drawings in which:

Figure 1 is a representation of a conventional prior
art holographic illumination geometry;
Figure 2 is a representation of a further conventional
prior art holographic illumination geometry with more
than one light source which produces ghost images;
Figure 3 is a representation of a holographic illumi-
nation system according to an embodiment of the
present invention;
Figure 4 is a representation of a holographic illumi-
nation system according to a further embodiment of
the present invention which uses three light sources;
Figure 5 is a representation of a holographic illumi-
nation system according to a further embodiment of
the present invention which uses three light sources
and a curved mirror;
Figure 6 is a representation of a holographic illumi-
nation system according to a further embodiment of
the present invention which uses two mirrors in form-
ing a hologram;
Figure 7 is a representation of a holographic illumi-
nation system according to a further embodiment of
the present invention which uses two mirrors in form-
ing a hologram and also where the illumination is
incident on the hologram from outside and below the
hologram;
Figure 8 is a representation of a holographic illumi-
nation system according to a further embodiment of
the present invention which uses a spectral filter; and
Figure 9 is a representation of a holographic simu-
lation according to a further embodiment of the
present invention.
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BRIEF DESCRIPTION

[0035] Generally speaking, the present invention re-
sides in the provision of display holograms which are
substantially self-contained, provide viable illumination
and are substantially insensitive to stray light.
[0036] Figure 1 represents a prior art holographic illu-
mination system, generally designated 100. As shown in
Figure 1 a light source (e.g. a lamp) 110 is mounted in
front of and above a hologram 116. Light 114 is emitted
from the light source 110 onto a hologram 116 which then
creates the holographic image 112. The holographic im-
age 112 may then be viewed by an observer 118.
[0037] However, the prior art arrangement illumination
100 shown in Figure 1 has a number of disadvantages.
For example, the light source 110 (e.g. the lamp) is a
separate part which therefore requires separate installa-
tion. Alternatively, if the light source 110 is combined me-
chanically with the hologram 116, in order to be unobtru-
sive then it is positioned typically close to the hologram
112 which causes other problems, mainly that the illumi-
nation from the light source 110 will be non-uniform on
the hologram 116 (causing image brightness variations
in the image 112), and such close proximity must be em-
ulated during the recording process, requiring the record-
ing reference beam to have large angular range across
the surface of the hologram 116. This can be difficult to
achieve; a classical hologram would require to be record-
ed with the reverse, or "conjugate", highly converging
beam and thus require a very large curved mirror, or al-
ternatively a holographic stereogram recorded pixel-by-
pixel would require very large angle scan lenses which
are difficult to design and expensive. If the recording light
point location does not emulate that of the final illumina-
tion, image distortion and brightness and colour varia-
tions all are the result. In general a more distant illumi-
nation point is therefore desirable.
[0038] A further problem with prior art illumination sys-
tems is shown in Figure 2. Figure 2 represents a holo-
graphic illumination system 200 with a light source 210
and a hologram 216 which may be viewed by an observer
218. The light source 210 creates light 214 which forms
a holographic image 212. As shown in Figure 2 there are
ghost images 220,222 caused by other light sources
224,226 which may, for example, be other ceiling or sky
light sources.
[0039] Figure 3 represents a holographic illumination
system according to the present invention generally des-
ignated 300. As shown in Figure 3 the holographic illu-
mination system 300 comprises an enclosure 310 which
boxes in and encapsulates the illumination system 300.
The holographic illumination system 300 is therefore self-
contained. As shown above in Figures 1 and 2 this is
quite different to prior art systems. A transmission holo-
gram 312 is illuminated on a face 310a of the enclosure
310.
[0040] Figure 3 also shows that a light source 314 is
located within the enclosure 310. The light source 314

may, for example, be a laser or LED light source or mul-
tiples thereof. Light emitting from the light source 314
then passes through some optics 316 which may be used
to focus the emitted light in a desired way. To minimise
any unwanted light interference and specular reflection,
light blocks 318 are used. The light blocks 318 are used
of any light absorbing material such as black felt. Emitted
light 320 is then transmitted onto a mirror 322 to form
reflected light 324. The reflected light is then transmitted
onto the inner surface 310a of the enclosure thereby il-
luminating the transmission hologram 312 which forms
an image which may be seen by an observer. The emitted
light 320 therefore undergoes a mirror reflection to max-
imize the distance between the light source 314 and the
transmission hologram 312. Typical distances for this ar-
rangement are approximately 1.5 times the hologram
height, such as about 0.75m for a hologram which is
about 0.5m high.
[0041] As shown in Figure 3, the illumination angles
are high such as about 60 - 85 degrees and typically at
least about 70 degrees. Although not shown, the emitted
light 320 may undergo more than one reflection. High
angles are preferred because they enable the enclosure
to have smaller depth, making a more compact system,
which is preferable for most applications. For example,
it is desirable to achieve an aspect ratio (ratio of the great-
er of the width or height to the depth) of 10 or greater. In
an alternative to using the light source 314 within the
enclosure 310, the light source may be positioned outside
the enclosure 310.
[0042] Using a hologram illumination system 300 as
shown in Figure 3 has the advantages that this prevents
ghost images as unwanted external illumination does not
result in any substantial light (including ghost images)
being diffracted in the forward direction towards a viewer,
and is therefore inherently insensitive to external stray
light.
[0043] Figure 4 is a representation of a further holo-
gram illumination system 400 as seen from the viewer’s
position. The hologram illumination system 400 uses
three light sources 412,414,416. The light sources
412,414, 416 are located within an outer enclosure 410.
However, the emitted light is then transmitted to show a
front view 418 of the hologram. Light emitted from the
three light sources 412,414, 416 is transmitted through
focusing optics 420,422,424, respectively. The light
sources 412,414, 416 emit red light 426, green light 428
and blue light 430, respectively. The light from the light
sources 412,414, 416 may combine into a single beam
or may be spatially separate. In the event that the different
coloured light is kept separate, the formed red/green/blue
(RGB) holograms may each be designed for the source
locations, and consequently produce a registered full-
colour image with full RGB overlap.
[0044] As shown in Figure 4, the light from the light
sources 412,414, 416 is reflected off a mirror 431. The
reflected red light 432, green light 434 and blue light 436
may then be used to produce a hologram.
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[0045] Figure 5 is a representation of a further holo-
graphic illumination system 500. The holographic illumi-
nation system 500 comprises three light sources
512,514,516 which independently produce red light 526,
green light 528 and blue light 530, respectively, which is
focused through focusing optics 520,522,524, respec-
tively. The light sources 512,514,516 are located within
an enclosure 510. There is also shown reflected red light
532, green light 534 and blue light 536 which may then
be used to produce a transmission hologram. The differ-
ence in the holographic illumination system 500 is that
there is a curved mirror 531 which collimates and/or re-
duces the curvature of the illumination wavefront at the
hologram. The advantage of this is illumination efficiency,
since the light can be directed to a rectangular hologram
surface with less wasted overspill of light.
[0046] Figure 6 is a representation of a further holo-
graphic illumination system 600. The holographic illumi-
nation system 600 comprises an enclosure 610 with a
reflection hologram 612. There is also a light source 614
which emits light through optics 616. Emitted light 620 is
then reflected off a first mirror 622 and then a second
mirror 624. At least one of the first and second mirrors
622,624 may be a curved mirror or a holographic optical
element (HOE) or diffractive optical element (DOE),
whose purpose is to collimate the source light in a more
compact flat optic and/or may be designed to simultane-
ously redirect RGB light into a common direction. Re-
flected light 626 from the second mirror 624 is then used
to form the holographic image 650.
[0047] Figure 7 is a representation of a further holo-
graphic illumination system 700. The holographic illumi-
nation system 700 comprises an enclosure 710 with a
reflection hologram 712. There is also a light source 714
which emits light through optics 716. Emitted light 720 is
then reflected off a first mirror 722 and then a second
mirror 724. At least one of the first and second mirrors
722,724 may be an HOE or DOE, whose purpose is to
collimate the source light in a more compact flat optic or
alternatively may be designed to simultaneously redirect
RGB light into a common direction. Reflected light 726
from the second mirror 724 is then used to form the ho-
lographic image 712. It is important to note that the ho-
lographic illumination system 700 in Figure 7 has a stray-
light insensitive orientation since most external stray
sources are above the hologram and viewer. In Figure
7, the hologram illuminating light is incident from below
or substantially, while typical stray light sources are inci-
dent from above or substantially above, and are thus an-
gularly well separated from the main illumination light,
resulting in poor "Bragg-matching" of the stray light, and
hence very weak reconstruction of any ghost images,
resulting in a substantially stray-light insensitive system.
[0048] Figure 8 is a representation of a further holo-
graphic illumination system 800. The holographic illumi-
nation system 800 comprises an enclosure 810 with a
reflection hologram 812. There is a light source 814 which
emits light through optics 816. There are light blocks 818

which are used to minimise unwanted scattering or re-
flections of light which may degrade the image quality.
The emitted light 820 then strikes a first mirror 822 (or a
HOE/DOE). The reflected light then strikes a second mir-
ror 824 (or HOE/DOE) where it reflects again and illumi-
nates the hologram 812, creating the holographic image
850. Optionally, there is some glass or optical plastic 826
in front of the reflection hologram 812.
[0049] The holographic illumination system 800 shown
in Figure 8 is different in that the second mirror 824 which
functions as a spectral reflector is mounted substantially
in front of the reflection hologram 812. The second mirror
824 has specific spectral reflection and transmission
properties and may have the purpose of redirecting light
which has been transmitted through the hologram 812
back to illuminate the hologram 812 at its Bragg angle
and thus recreate the holographic image. To achieve this,
the properties of the second mirror 824 are such that it
strongly reflects the incoming illumination light at a high
angle (e.g. about at least 70° and over) but is transparent
to diffracted light in the image from the hologram, typically
at about < 45° to the normal, at least in the vertical direc-
tion. The second mirror 824 can be formed from a multi-
layer thin-film coating on a substrate near to or bonded
to the image hologram 812, or coated directly onto the
hologram 812. Alternatively, the second mirror 824 may
be an HOE. Most simply, the HOE is "conformal" i.e.
fringe planes parallel to the surface and acting like a mir-
ror, containing three optically exposed hologram gratings
designed to reflect incoming RGB light bands.
[0050] In the holographic illumination system 800
shown in Figure 8 Illuminating light first passes through
the hologram 812 and reaches a flat optic 824 substan-
tially parallel to the hologram 812 which reflects the light
back towards the hologram 812 at its intended illumina-
tion angle. The holographic image 850 is recreated and
is transmitted through the flat optic 824 to the viewer out-
side the enclosure or box.
[0051] Such an embodiment is preferable because a
reflection-type image hologram 812 is typically prefera-
ble because it produces the highest possible image qual-
ity because it produces less image blur for a non-mono-
chromatic light source. However, it requires illumination
to come from the viewer side of the hologram, either from
an external lamp, or at least via an external reflecting
component such as the arrangements shown in Figures
3 to 8. The current embodiment therefore provides stray
light insensitivity using the preferred reflection-type holo-
gram in the most desirable self-contained structure.
[0052] Important design features of holographic illumi-
nation system 800 shown in Figure 8 are as follows:

(a) The angles are chosen so that the image holo-
gram 812 has zero diffraction efficiency for the illu-
minating spectrum in the first pass. This requires that
none of the final diffracted image light directions may
overlap with the first pass light directions. Therefore,
high incident angles are preferable, and also colli-
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mated (or nearly so) light is preferable, as may be
produced by a curved mirror or HOE described
above;
(b) The flat optic (i.e. second mirror 824) has spectral
properties that (1) cause it to reflect the RGB light at
the high initial incident angles, and (2) cause mini-
mum reflection of the light diffracted into the image
(i.e. at incident angles corresponding to the viewing
angle range of the hologram). This can be achieved,
for example, by multi-layer thin-film coatings on a
glass or transparent plastic substrate, with spectral
properties designed appropriately. Alternatively, it
may be a holographic optical element (HOE), creat-
ed with RGB reflection bands appropriately. (If an
HOE, then more functionality is possible, such as
focusing/collimating power, or separate RGB redi-
rection);
(c) The geometry shown in Figure 8 is substantially
insensitive to stray light as the hologram illumination
is from below and no stray light sources come from
below, whereas typical stray light sources from
above are poorly Bragg-matched to the hologram,
causing any ghost images created to be very weak
or not present;
(d) The optic component (i.e. second mirror 824) may
be directly bonded to the image hologram 812 form-
ing a single piece (e.g. a hologram on flexible film
may be bonded to another piece of film containing
the HOE or alternatively one part may be film and
the other on a rigid substrate to guarantee a distor-
tion-free image.

[0053] In the case of a transmission image hologram,
a partially absorbing sheet (grey glass, plastic or film)
826 may be mounted either immediately in front of or
behind the image hologram to further increase contrast.
In the case of a reflection hologram with associated spec-
tral mirror, a partially absorbing sheet may be mounted
either immediately behind the hologram or in front of the
spectral filter to further increase contrast. This may help
to facilitate discrimination of image light relative to any
light which may illuminate the inside of the enclosure or
box (such as external sunlight or room light which passes
through the hologram and illuminate the inside of the en-
closure 810). This works because the light creating the
image is attenuated once by passing though the absorb-
ing layer (either before or after diffraction), but the exter-
nal light must pass through it twice to contribute to image
stray light, thus improving the contrast between the im-
age and stray light which may reach the inside of the
enclosure.
[0054] Figure 9 shows simulations to verify the concept
of using a spectral filter as shown in Figure 8. Three con-
formal HOEs in a single typical 30mm photopolymer film
with the appropriate periods are used in the simulation.
The simulation is designed to strongly reflect the light
emitting LEDs at 80 degrees. The simulation is used to
analyse whether such gratings are detrimental to diffract-

ed image energy. The simulation used a 0-30° range of
angles in the image light (i.e. typical for an image holo-
gram) which provided the following results:

• The Blue grating reflects at 610 - 580nm i.e. approx-
imately between the red and green LEDs, taking very
little power.

• The Green grating is reflecting > 650nm, so there is
no problem.

• The Red grating is reflecting >> 650nm, so there is
no problem.

[0055] The illumination systems as herein described
therefore have the following advantages:

• Self contained
• Insensitive to stray light
• Narrowband RGB light sources such as LEDs or la-

sers provide efficient illumination by closely match-
ing the reflected spectrum of the holograms.

• The absence of illumination light in the unused re-
gions of the spectrum between the diffracting bands
of the holograms results in less background image
haze (optical scatter) in the image, compared to con-
ventional broadband (e.g. tungsten) lamps.

• Use of spatially separate RGB sources is a security
feature; a stolen hologram will not work unless it is
illuminated by separate RGB sources at the right po-
sitions.

• Long throw aids safety, since it avoids having a high
intensity source potentially close to the viewer’s eye.
For lasers this could be very important.

• The spectral filter version in Figure 8 is ideal for la-
sers.

[0056] Whilst specific embodiments of the present in-
vention have been described above, it will be appreciated
that departures from the described embodiments may
still fall within the scope of the present invention. For ex-
ample, any suitable type of light source or plurality of light
sources may be sued to form the hologram. Moreover,
any suitable type of reflecting surfaces (e.g. mirrors) may
be used.

Claims

1. A hologram display apparatus (800) comprising:

a light source (814) or a plurality of light sources
being adapted to illuminate a hologram (812)
and form a consequent colour holographic im-
age from this illumination;
a reflection hologram (812) constructed to form
the colour holographic image;
at least one mirror (822) capable of reflecting
light from the light source (814) towards a sec-
ond mirror in the form of a spectral reflector
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(824);
wherein light from the light source (814) or plu-
rality of light sources first passes through the
reflection hologram (812) onto the spectral re-
flector (824) substantially parallel to the holo-
gram (812) which reflects light back towards the
hologram (812) at its intended illumination angle
and wherein the holographic image is recreated
and transmitted to a viewer;
wherein the illumination light incident on the
hologram (812) comes substantially from below,
and the hologram (812) is configured to receive
light from below, in which case it is configured
not to diffract illumination from above
the holographic display apparatus (800) com-
prises the spectral reflector (824) and wherein
the spectral reflector (824) is mounted substan-
tially in front of the reflection hologram (812) and
thereby between the hologram and the viewer;
and wherein the spectral reflector (824) reflects
incoming illumination light at a high angle of in-
cidence of at least 70° relative to the hologram
(812) normal and is transparent to diffracted light
in the image from the hologram (812) at < 45°
to the normal.

2. A hologram display apparatus (800) according to
claim 1, wherein there are two or more light sources
emitting light with different spectra capable of creat-
ing a specific set or range of perceived colours.

3. A hologram display apparatus (800) according to
claim 1, wherein there are three light sources which
independently emit light in the red, green and blue
regions of the electromagnetic spectrum capable of
creating a wide range of colours substantially cov-
ering the range of naturally perceived colours.

4. A hologram display apparatus (800) according to
claim 1, wherein the light source(s) is a lamp, a laser
or LED, or any combination thereof, and the light
source (814) is located and/or positioned behind be-
hind the hologram.

5. A hologram display apparatus (800) according to
claim 1, wherein the light source is located and/or
positioned within an enclosure or box.

6. A hologram display apparatus (800) according to
claim 1, wherein the hologram (812) is formed on
surface/side of an enclosure or box and is then ca-
pable of being viewed by a viewer from the outside.

7. A hologram display apparatus (800) according to
claim 1, wherein the holographic display apparatus
(800) also comprises optics which are used to redi-
rect and/or refocus emitted light into a desired way
for the hologram (812), light blocks which are capa-

ble of minimising any unwanted light interference
and/or specular reflection, and wherein there is at
least one mirror capable of reflecting light from the
light source (814) which is specifically oriented and
positioned to form the hologram (812).

8. A hologram display apparatus (800) according to
claim 1, wherein there is a first mirror and a second
mirror, and wherein either or both the first mirror and
the second mirror are a holographic optical element
or diffractive optical element.

9. A hologram display apparatus (800) according to
claim 1, wherein the spectral reflector (824) is formed
from a multi-layer thin-film coating on a substrate
near to or bonded to the image hologram, or is coated
directly onto the hologram, or wherein the spectral
reflector (824) is formed from a holographic optical
element.

10. Use of a hologram display apparatus (800) according
to claim 1 in imaging media including that of adver-
tising, artistic displays, technical and medical visu-
alisation, and consumer applications.

Patentansprüche

1. Hologrammanzeigevorrichtung (800), umfassend:

eine Lichtquelle (814) oder eine Vielzahl von
Lichtquellen, die dazu angepasst ist, ein Holo-
gramm (812) zu beleuchten und aus dieser Be-
leuchtung ein resultierendes farbiges holografi-
sches Bild zu bilden;
ein Reflexionshologramm (812), das dazu er-
stellt ist, das farbige holografische Bild zu bilden;
mindestens einen Spiegel (822), der dazu in der
Lage ist, Licht aus der Lichtquelle (814) in Rich-
tung eines zweiten Spiegels in der Form eines
Spektralreflektors (824) zu reflektieren;
wobei Licht aus der Lichtquelle (814) oder Viel-
zahl von Lichtquellen zuerst durch das Reflexi-
onshologramm (812) auf den zu dem Holo-
gramm (812) im Wesentlichen parallelen Spek-
tralreflektor (824) strömt, der Licht in seinem be-
absichtigten Beleuchtungswinkel zurück in
Richtung des Hologramms (812) reflektiert, und
wobei das holografische Bild nachgebildet und
an einen Betrachter transmittiert wird;
wobei das durch die Beleuchtung auf das Holo-
gramm (812) einfallende Licht im Wesentlichen
von unten kommt und das Hologramm (812) da-
zu ausgelegt ist, Licht von unten aufzunehmen,
wobei es in diesem Fall dazu ausgelegt ist, Be-
leuchtung von oben nicht zu beugen;
wobei die Hologrammanzeigevorrichtung (800)
den Spektralreflektor (824) umfasst und wobei
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der Spektralreflektor (824) im Wesentlichen vor
dem Reflexionshologramm (812) und dadurch
zwischen dem Hologramm und dem Betrachter
angebracht ist;
und wobei der Spektralreflektor (824) einströ-
mendes Beleuchtungslicht mit einem großen
Einfallswinkel von mindestens 70° relativ zu der
Normalen des Hologramms (812) reflektiert und
für gebeugtes Licht in dem Bild aus dem Holo-
gramm (812) bei < 45° zu der Normalen durch-
lässig ist.

2. Hologrammanzeigevorrichtung (800) nach An-
spruch 1, wobei zwei oder mehr Lichtquellen vorlie-
gen, die Licht mit unterschiedlichen Spektren emit-
tieren, das dazu in der Lage ist, einen bestimmten
Satz oder Bereich von Farbwahrnehmungen zu er-
zeugen.

3. Hologrammanzeigevorrichtung (800) nach An-
spruch 1, wobei drei Lichtquellen vorliegen, die un-
abhängig voneinander Licht in dem Rot-, Grün- und
Blaubereich des elektromagnetischen Spektrums
emittieren, das dazu in der Lage ist, einen großen
Bereich von Farben zu erzeugen, die den Bereich
der natürlichen Farbwahrnehmungen im Wesentli-
chen abdecken.

4. Hologrammanzeigevorrichtung (800) nach An-
spruch 1, wobei die Lichtquelle(n) eine Lampe, ein
Laser oder eine LED oder eine Kombination davon
ist und die Lichtquelle (814) hinter dem Hologramm
angeordnet und/oder positioniert ist.

5. Hologrammanzeigevorrichtung (800) nach An-
spruch 1, wobei die Lichtquelle innerhalb eines Ge-
häuses oder Kastens angeordnet und/oder positio-
niert ist.

6. Hologrammanzeigevorrichtung (800) nach An-
spruch 1, wobei das Hologramm (812) an der Ober-
fläche/Seite eines Gehäuses oder Kastens gebildet
wird und dann dazu in der Lage ist, von einem Be-
trachter von außen betrachtet zu werden.

7. Hologrammanzeigevorrichtung (800) nach An-
spruch 1, wobei die Hologrammanzeigevorrichtung
(800) ferner Optik umfasst, die dazu verwendet wird,
emittiertes Licht auf einen für das Hologramm (812)
erwünschten Weg umzulenken und/oder zu refokus-
sieren, Lichtsperren, die dazu in der Lage sind, un-
erwünschte Lichtinterferenz und/oder Spiegelrefle-
xion zu minimieren, und wobei mindestens ein Spie-
gel vorliegt, der dazu in der Lage ist, Licht aus der
Lichtquelle (814) zu reflektieren, der spezifisch dazu
ausgerichtet und positioniert ist, das Hologramm
(812) zu bilden.

8. Hologrammanzeigevorrichtung (800) nach An-
spruch 1, wobei ein erster Spiegel und ein zweiter
Spiegel vorliegen und wobei einer oder beide von
erstem Spiegel und zweitem Spiegel ein hologra-
fisch-optisches Element oder diffraktives optisches
Element ist.

9. Hologrammanzeigevorrichtung (800) nach An-
spruch 1, wobei der Spektralreflektor (824) aus einer
mehrschichtigen Dünnfilmbeschichtung auf einem
Substrat gebildet ist, das dem Bildhologramm nahe
oder daran gebunden ist, oder direkt auf das Holo-
gramm geschichtet ist, oder wobei der Spektralref-
lektor (824) aus einem holografisch-optischen Ele-
ment gebildet ist.

10. Verwendung einer Hologrammanzeigevorrichtung
(800) nach Anspruch 1 in Bildmedien einschließlich
Werbung, künstlerischer Darstellungen, technischer
und medizinischer Visualisierung und Verbraucher-
anwendungen.

Revendications

1. Appareil d’affichage d’hologrammes (800),
comprenant :

une source lumineuse (814) ou une pluralité de
sources lumineuses adaptées pour illuminer un
hologramme (812) et former une image hologra-
phique résultante en couleur avec cette
illumination ;
un hologramme de réflexion (812) construit pour
l’image holographique en couleur ;
au moins un miroir (822) capable de refléter la
lumière depuis la source lumineuse (814) vers
un deuxième miroir sous forme d’un réflecteur
spectral (824) ;
la lumière provenant de la source lumineuse
(814) ou d’une pluralité de sources lumineuses
passant d’abord à travers l’hologramme de ré-
flexion (812) pour se rendre sur le réflecteur
spectral (824), substantiellement parallèle à
l’hologramme (812) qui réfléchit la lumière vers
l’hologramme (812) à son angle d’illumination
prévu, et l’image holographique étant recrée et
transmise à un visionneur ;
la lumière d’illumination incidente sur l’holo-
gramme (812) provient substantiellement d’en-
dessous, et l’hologramme (812) étant configuré
pour recevoir la lumière de dessous, auquel cas
il est configuré de façon à ne pas diffracter l’il-
lumination provenant d’au-dessus ;
l’appareil d’affichage d’hologrammes (800)
comprenant le réflecteur spectral (824), et le ré-
flecteur spectral (824) étant monté substantiel-
lement devant l’hologramme de réflexion (812),
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et, de cette façon, entre l’hologramme et
l’observateur ;
et le réflecteur spectral (824) reflétant la lumière
d’illumination introduite à un angle d’incidence
élevé d’au moins 70° relativement à la normale
de l’hologramme (812), et étant transparent
pour la lumière diffractée dans l’image prove-
nant de l’hologramme (812) à < 45° de la nor-
male.

2. Appareil d’affichage d’hologrammes (800) selon la
revendication 1, deux ou plusieurs sources lumineu-
ses émettant de la lumière avec différents spectres
capables de créer un ensemble ou une gamme spé-
cifique de couleurs perçues.

3. Appareil d’affichage d’hologrammes (800) selon la
revendication 1, trois sources lumineuses émettant
indépendamment de la lumière dans les zones rou-
ge, verte et bleue du spectre électromagnétique, ca-
pables de créer une vaste gamme de couleurs cou-
vrant substantiellement la gamme des couleurs per-
çues naturellement.

4. Appareil d’affichage d’hologrammes (800) selon la
revendication 1, la (les) source(s) lumineuse(s) étant
une lampe, un laser ou une diode électrolumines-
cente, ou une combinaison des trois, et la source
lumineuse (814) étant située et/ou positionnée der-
rière l’hologramme.

5. Appareil d’affichage d’hologrammes (800) selon la
revendication 1, la source lumineuse étant située
et/ou positionnée dans une enceinte ou un boîtier.

6. Appareil d’affichage d’hologrammes (800) selon la
revendication 1, l’hologramme (812) étant formé sur
la surface/le côté d’une enceinte ou d’un boîtier, et
étant ensuite en mesure d’être visionnée par un ob-
servateur de l’extérieur.

7. Appareil d’affichage d’hologrammes (800) selon la
revendication 1, l’appareil d’affichage d’holo-
grammes (800) comprenant également des optiques
utilisées pour réorienter et/ou recentrer la lumière
émise d’une façon désirée pour l’hologramme (812),
des blocs lumière capables de minimiser les interfé-
rences lumineuses indésirables et/ou la réflexion
spéculaire, et au moins un miroir étant en mesure
de refléter la lumière provenant de la source lumi-
neuse (814) orienté et positionné spécifiquement
pour former l’hologramme (812).

8. Appareil d’affichage d’hologrammes (800) selon la
revendication 1, comprenant un premier miroir et un
deuxième miroir, et soit le premier miroir soit le
deuxième miroir étant un élément optique hologra-
phique ou un élément optique diffractif.

9. Appareil d’affichage d’hologrammes (800) selon la
revendication 1, le réflecteur spectral (824) étant for-
mé à partir d’un revêtement multicouche à pellicule
fine sur un substrat à proximité de l’hologramme de
l’image, ou adhérant à celui-ci, ou étant revêtu di-
rectement sur l’hologramme, ou le réflecteur spectral
(824) étant formé à partir d’un élément optique ho-
lographique.

10. Appareil d’affichage d’hologrammes (800) selon la
revendication 1 dans des supports d’imagerie com-
prenant ceux des annonces publicitaires, des affi-
chages graphiques, la visualisation technique et mé-
dicale, et des applications pour consommateurs.
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